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Non-invasive electrical neuromodulation techniques: analgesic

effects and neural mechanisms
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Abstract: As non-pharmaceutical interventions, non-invasive neuromodulation
techniques are promising in pain management. With many advantages, such as low
costs, high usability, and non-invasiveness, they have been exploited to treat multiple
clinical pain. Proper use of these techniques requires a comprehensive understanding
of how they work. In this article, we reviewed recent studies concerning non-invasive
electrical peripheral nerve stimulation (transcutaneous electrical nerve stimulation and
transcutaneous vagus/vagal nerve stimulation) as well as electrical central nerve
stimulation (transcranial direct current stimulation and transcranial alternating current
stimulation). Specifically, we discussed the oft-used stimulation parameters, the
analgesic effects on acute and chronic pain, and the neural mechanisms underlying the
analgesic effect of each technique. We then contrasted the four kinds of nerve
stimulation techniques, pointing out limitations of existing studies and proposing
directions for future research. With more extensive and in-depth research to overcome
these limitations, we shall witness more clinical applications of non-invasive electrical
nerve stimulations to alleviate patients’ pain and ease the crippling medical and

economic burden imposed on patients, their families, and the entire society.

Key words: neuromodulation; analgesia; transcutaneous electrical nerve stimulation;
transcutaneous vagus/vagal nerve stimulation; transcranial direct current stimulation;

transcranial alternating current stimulation.
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RS —ANERAL TAMEG. #HEa, 1B SRR S
20%~50% U=, RHEARIE G RSBl B AR 7. Bl 259
FEIRIT IR MR I R T Bz —. SR, B SR BRI A R AE I U, il
FoRAL K X BRI v a i, B — R#FIEE NN E A G
(https://www.drugabuse.gov/drugs-abuse/opioids/opioid-overdose-crisis) . 7 It i 4%
TR F, FERABNALY BRI EZNAELE.

MRS — P8 ) BRI ARSI 16T 77 1% 107 SN A T I
RIEIRIIETT o ARAE R B R R A O, R & AR ] 5 12
M H i) 38 (invasive electrical stimulation, iES)FH A2 At ) 28 J2 /22 1 e, 3] ik
(transcutaneous/transcranial electrical stimulation, tES)F§ A2, il 2560, 35 V4% 0 i 7
Bi(deep brain stimulation, DBS) &1, {2 N\ 1K E #1248 HL Il (invasive vagus/vagal
nerve stimulation, iVNS) U 11, 354 B3 i) i (spinal cord stimulation, SCS) !> 13155,
J&i AL AE 4 e i 22 ¥ i) B4 (transcutaneous electrical nerve stimulation, TENS)! 131
25 iz 1 AF AR N 1 2K AE i 45 F i) 3 (transcutaneous/non-invasive vagus/vagal nerve
stimulation, tVNS/nVNS)!'* 161 0 22 fii B J3i ¥ $ ¥ (transcranial direct current
stimulation, tDCS)!"7- 181 FI 28 fiii 52 Jii HL H] ¥ (transcranial alternating current
stimulation, tACS)!* 20055, JX P i 2 1 P AR R IE WA AT B B BURAE T 48
ifi, iES BEARAATE—LEB] Rk, WAl B AL E AR Fh IR, mTREKR AR
Pt , BRI WA SR, SEGEUTEEHET M. Mt T, ERA
Ve R R A et DR E LA GRS, 135 TR
2RI

RSO VB RCR B AL A 7 TN, PRR SRR AN PESME 28 Bl
(TENS. tVNS)FI AR #1258 B B (tDCS « tACS)FEEER J7 TH I R . A SOk
PPAR I Y 43 AR 0 7 08 1 1 7 8 11 B 28R DA B A [ SR I8 2 500 B K
RO, FAR TR R s 2L . TERCERRE b, RSO LRSS T &5
ARPVBURRE AL IR T DA FE 2T J5 BRI AR SR TR 78 7 1)
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1 RSN S BB
1.1 TENS

TENS 3@ B T 5 R 2 1 1 Bl 25 A e o el i, ki = AR B AR - AR
PR S E AT, TENS —# Al 43 8 s I s B 1% #8 TENS (conventional
transcutaneous electrical nerve stimulation, conventional TENS )FIE A i 3 5 A 1 3]

¥ TENS (acupuncture-like transcutaneous electrical nerve stimulation, AL-TENS) [22],

WL TENS )RR 5 B T 7R AL i [R — B 57, R AE %y 50~100 Hz,
P DD FELIA SR AN 22 5 RS, DRI 51 S PR AN & IR A s 17T AL-TENS S it
PRI B R AP, RO E T N 1~4 Hz, BTN A I 9 R 5 7E R R
2 bERIR BRI 2, B S 5l AN E A g 424 B S 5
A F S ECE AR BUR R IR S AR AL EAAAE —E Z R (R 1),
1.1.1 EEBR

L TENS 0 52 58 5 45 S i A1 23 I PR A8 14 I8 3 A7 050 L 14 2 i A FH
Claydon &5 N@IEXT 29 ANSLIGHE FLiE4T Meta 23 HT &I, R 2 75(55%)
RIORNH AL TENS FTZ AU G030 25 115 &R, HLSR & v 45(0.5~0.79)
FIK(0.8 LA )L, ImPRIFFE IR, HHL TENS ML BEAT R ARG 120 (U0
(61,0 P I SR TURD iR R MR 28 L 43 R 2 SO DA B R FE SR S I R IR, I8
AT WE G . — Bk, %M TENS A R ey BegmiE A, Rtk
A P e L M E BB P O P B2 s ] — R 5 R4 2

FEZ T, AL-TENS AT 5358 R B0 ROR DL S R BER G 24 AL-TENS
(R S 58 2 15 R PR (AN IR, i BOIRIO G 5 RO PST) LA 8 MR P (L 1
VEREES IO, A HEURC)FIAR J5 B VA G R IR A MR AE R . AL anitk, AL-
TENS [FIAEU 20 R LA I ) b (R e sl SR 2% o] b (g 4 Jy ST, (45— 52,
4 EE K L TENS P24 32,  AL-TENS #ARTT LLE B B0 /E RS, 4810,
AL-TENS [ ZCR 52 2855 B BB DL . GRS RN, AL-TENS
ST A R R BT 2 2 1 B T R YR R, T RO A S A e 28
2 SR E B AR, (B R TENS (R RSOR AN 2 83 =2 5 0 B 2R 25
{0}
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7 MGG AEZE TENS Ab, WA BETEE S 1A RFBAL Rt n A ] 25 1
TENS B[R s 354 (K A2 R R 140, Fujii-Abe 284 78 s, FH EL B4l 1wy 5 5 Fly
HBL[(31.3 + 5.76) VISR L FAEL[(22.0 £ 7.49) V), -1 a0 B2 & LT AU
75 & B4 (somatosensory evoked potentials, SEPs)Mi N 5 /)y, H 58 f) 4 578 o 52 F
Sy BRI, Claydon %5 NHRFT 1 RIBHUIR (/%)  RIBHREE (E/%) « HIBEAL
([ B 5 &AM B 1) 6 A4 BT R B S B 2 5 2 JE 7R 28 R 72 F ox 2L g Sz =
PRI BRI R SR RS, GREIR, [RS8 H FAS R AR
[ A 47 v 5 P2 A ) B ORS00, B i R B2 FH PTRe 28 ity 77 =X
I KAk TENS [REER R .

TENS FHHR BORIE 2 R EE R RSO o8 . RO K 5 5 F 4t
FREESZHIRY, HARSHC v RS HAER . SER = SR, B
S ZE AN B0 14 ) R - 50 9 R PR 25 T T N A i i ) RS ) 98 4%
A T BRI R PR ) 5 R, ghAt, ST oK, A TENS RS 5 06 55
KRB R RV I B, BACRRR R (A TA — K BA_E, (B4 TENS RIS A
PR RN, HLIX 0 AN B DA R UK 5 TG ke SR, A TR N
MFGR R TS, WA ARG R, R RCR T RSN A2 B R A R,
1713 50 7 i 52 SR P PR s 441

B PIR IS TY | PR AL LA R PR A8 FE S50 S [F) 2 O 1 & R 57 P
SO BN, 46 R A e R R S MR R BN R A AL-TENS IXFRRIFE 2 51 KA
PP A, T IE SR FH R TENS S 473 35 e L i P8 2 o () R4 o %o
TG P AR R, PR T S E A A AR T AT 253, (RS AT
AnlidE, P AR S L,

1.1.2 BOEHLE]

HHL TENS P40 1 B R sd i 142 ) B0 AT AR 22470 Z 3Ny, 9%
S Be i AR B T A% 3l o 0 0 PR RE 2T AR (AR 2T 4 ) 5 4% 3R 0 R 3 114
LT HE(ASTT C 2145 AR IS B . APLT 4R T 1 Se BOE B BE TS A Tl fh 2
JGEIR T (substantia gelatinosa, SG)4H MY, Bl — ke oo T I E0GE, FH
1EPERME B B A% T ASHI C 2R M) T SG 4iff, #EmBuE — & T
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T 4000, (e S B _EAL . 5 TENS [O58E8 5 5B M AV, EANBIT AS
M C 214, B EN2B0E ABLFAENS), AT mT #l 0m 5 B 4% =, B IER .
SCUERF FEAE B T L TENS (R BURALE i S 5 18 1 T4 ) B84 ¢, Wnsh i ot
R, AR TENS AT LA 25 i) 2 B RETS i 2o B R B0, T
IEAT 5B TENS MBEAT I Fh 2 wi 47

AL-TENS RIS 5 M TENS A A . @A, AL-TENS HJH Al
5% 18 145 441 #2541 (diffuse noxious inhibitory controls, DNIC)7 A5 i 3l G2 HHAMEY,
BRI T AT R G545 5. I FEL (electroencephalograhy, EEG)SZ i &5 5ok
&, AL-TENS 0] L5 | E 75 RO & 52 2 X 1) alpha #R%15 5(8~12 Hz)#F
g, HAZoUR S NI iE ) X AT A (prefrontal cortex, PFC)IX 381 D) fig
ERE, T PFC 5 fi S /K8 A 19 2K i (periaqueductal gray, PAG)AF-E £F 4 5 5135,
U2 BN DNIC 5 ) B BRI 22 J2 J2 X351 28 PAG 145 RAHULICE. b4k,
JEGIZ XA PFC 4% 139 AT B <38 3 P 0 5 40Ut (medial prefrontal cortex,
mPFC) #|#1 [l  35 #% (subnucleus reticularis dorsalis, SRD)FFF 18 55 458 ()
ITHNEI R GG % RGUEFE PFC, W AR | 2 (primary somatosensory
cortex, S1) 4] 4% 5 Bz 2 (primary motor cortex, M1)25 & 5 F 454, LUK PAG Al
ZE i 2k 5t B P4 0 X (rostral ventral medulla, RVM)% i 2 R 45y . BARSKE, PAG
[X 32k [ 25 B R BE A 22 7T I IE A2 2E T RVM [X 3801 5-F8 (6 % (5-hydroxytryptamine,
5-HT)REAHZ 0 M BB A B S-HT, JEIm (2 38 BT A v 18 28 0 B8 i el
(enkephalin) FI5RMERL (dynorphin) &5 P JE R 2057, A6 885 #1055 S
B B TAE RAMSCRE TR M AT RSEE AL-TENS #UR T I/ERH . K
it TENS A AT LI K& BT Fr R e i R KR 5-HT B>, H 4B WrE #E L
RVM [Fufi] 2448, {4 TENS B8 1E F 32 BB 351,
1.2 tVNS

tVNS SE i VO R A 1 48 2 4 T b B AR 1 P O). AR s sUAN A,
tVNS 1] 43 g I Hi M 57 Bk 14 250350 22K 7 44 22 R B (transcutaneous cervical
vagus/vagal nerve stimulation, tcVNS)FIHI ¥ 7 B 5 H i 5l B 2R 1) LR kb 42 iy

HI 3 (transcutaneous auricular vagus/vagal nerve stimulation, taVNS). HHJ, tVNS &
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WoAF B BAT BT 22 A PE A2 DT, W] F T8 (i SKra oS SO M A2 i S g 160]
(F 1),
1.2.1 EEBR

H RIS XT tVNS AR S = 15 R PO I 7820, FLF 7048 A — Sl
Busch &8 &I AN 20~30 Hz, Bk 984 250 us HI77 % taVNS X Bkt 0 65
min 6 B 1 55 TR, T DA 2 PR DU (4 R 5 1 2 P 43 DL [0 (L
PRI BBURSAE (LR 50 T T 2T ) Ak P R 000 e PRE (a4 TR0 ) B 3R A% 00 ] R AL
AR 00 R0 PR 258 ) 1 A S5 3 O BE RS, De Teco 8RBT A 25 Hz. BB NAET|
[ (U AR A6 M TLSCAE 1 to VNS JSORT LA SB35 4 i R 5 RS T JRE R A A2 S S 1A I8k
A, T ELIX PSR FT DS S B RS R 30 min %1, 4R, Usichenko 541K
P, X B INAT A 8 Hzy K TE A 200 ws [ IR B B R i P 33k
BT R B, B R R T T4 20 44wk h A 8 KA D BT 1R PR
TR, FT 12 A0 S5 D0 HE R RS T RO, X —45 AR taVNS )
TR AT e A0 5 IR A G183,

H AT tVNS 11l PR 78 2R IR T Sk, 1R K HAb I PR IR 2
M. Lendvai 58 N G145 T 2014~2018 4F N H tcVNS V697 i S I 1 B LI i
RIFFSC, RIL tcVNS & —Fias7 iR ML I 2 & F B, REIE 1 JO PR C M4
M S IR R 0 26 3D R I 5 AR T REAE (i S i A A4 284 114 8 FH 4 i 1)
PS4, VNS I PRASEF (RIS B 0T [, 38 R FFSE 1 ms 19 5 kHz 150K
Jiki (5 AN IESZE, REANFFLE 200 ps), BKiAA N 25 Hz, 7742 24 V IEME B R A
60 mA VEME i H LIRS, taVNS [FIFEE R T8 77 kB, Straube 55K
WK 4 h 19 1 Hz HORIET D Sk diioge,  HaxX— RIS BOR I T 25 Hz [
B HbAh, taVNS 8 45 B TR 7 2B R U ORISR R, (R H AT ST
TR BRRUE, (VNS HRTE I ST B SO, 7R H AR
AL 1) R A A — 2 IR
1.2.2 BOEHLE

SRR 7E P 28 391 S BRI T i HE SO TR 5 5 H E WA R G ThREM
AR RGN A RIS A R AL27, HHF R, 30 Hz ) taVNS AJ



L 2EHR Acta Physiologica Sinica, 2020, DOI: 10.13294/j.aps.2020.0093

DL 25 P I i R AR R 0 FMG A9 A R A AR B 1 BL 3R (low frequency
power/high frequency power, LF/HF) 73, iZf8Hr BB [ 240208 S EI AL
&/ REMA RGN T AT, MREMERES S TG MRIEFEK
15 EACHTY, SRR R E M RGN A RSB T RE . [FI, A5 7T
R, (VNS BEWE 2 b5 i A ORI 15 155 46 AH A5 2R o i X i 2l . 1]
., 23 tVNS JEA A% W SR S RIATE L RE TR R R,
M1 s 3G Y, PRk, Frangos &6 AHEDN tVNS W] B2 d ik i 4% 6 1 1 26
VAT T IR AN IR R, BT RS AR PR VA UL

tVNS & A e B H R T P15 B A3 5 A HE . tVNS 7T ReFHIT T84 — 2
P28 TR R 5 B A% 51, Chandler 25K 3 AL 6145 il sk ri B 28 S8 20 TR % 11
REFE PR MBIk 53 5, FFHEIE SR AR BB AEE RE B A B,, IR E M4
P, SRR DA 5 20 B R i S P 5 e e o o P R 4 v e D7) . EEG BF AT
25 Hz 1) tcVNS 5] f2 Cz AL theta S (1 fE & R M40 beta SN AE & LT,
LS Oz B4k alpha ATE: I RE & T BE AN gamma AREL A BE & L FHUS), BFix — 4%
R, fEFINN gamma SBAEE M LT ATAEIRBET (VNS X205 T R A8 (Y-
aminobutyric acid, GABA )il 11 &) 41 £ 75 7% 3) 1) 5 R U781,

Brifbz 4, tVNS W R] geil il #7388 B A SV . MWIRE R & HSm
SRR KRG, M T DAE G B AE RS B = XA B IOREX
D B S8 7 S DX SRU70800, i e () = SO 4% 5 Sk THT R (0 P i 1 B A% Jo A 581,
% 5 PfE BTN A 582, Bk tVNS 7] A £ 7 I 46 [X 30t P 15 2 (1
P AR LR o K FRDUB0E 15 100 SR, F I 7 22 B ST A PAG AR
GRS« i 5 N AT A S5 DX 153 841 SRk 2 4 22 25 S 0 T A IR A% 5%
s ST i DA R RE SR A 28 0 R 45 X 3850, (EASVE RN 2, PAG. JIURIZA
S A% e VR VE IR AT T R G B A B 4 86 870, 2 |, ax gt ALl e
tVNS AAT LSS T AT V1T R G088, 3 mT R 1 5 7 0 1 28 SR S Ix 7%
JeR AR 101,
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2 R APE XA 2 R B
2.1 tDCS

tDCS I8 1 A4 FH T A B3 2 A B AR i e 5 DR DX Sl o 598 L SR B0 50 %
B, TR A L DX I 95 B 2 3 2 AR (1 R FH 8900 i LR o0 A R S [
tDCS A 70 N = K 2. MM tDCS (bipolar/bicephalic tDCS), H 4% tDCS
(monopolar/monocephalic tDCS)FIFi k& & tDCS (high-definition tDCS, HD-tDCS)
B, XU tDCS ¥ P AR BOR B AR E T2k B b, Hodh— AN T 0r) B AR fr
B, PRI (active electrode), T3 — ML T H BN, FROMIR [ K (return
electrode); 4% tDCS [FIAFEAE FH THIAR G ) 8 FE R [l FELRK, (IR [m] L RROAS
TESk b, METGE. A TR BRI HDDCS — a2/ E TLEM
TEAVEIN R, G b — AN B AN R R, T B IR ] AR, gk
S T H FIF) HD-tDCS 20 A& 1 AR AN 4 AR BT HAR Y 1 > 4 HD-
tDCS B3 9L K A 25 3/ AR AT A3 [B] LA ) 2 x 2 HD-tDCS PAIigaf. H
i, XU tDCS FEBURAUSHACA IS, HARIR SR AR 15 21— € 12 I IE K2
e-101] (3 ),
2.1.1 EEHBR

H T, tDCS FE G2 fif SRR AN P A 7 TR AE KA AL . AR —LUhft
FUXF tDCS FIEUR AR AELE 5 51021000, (22 3028 RATH AR SCHF tDCS % 2t Al
18 1t A A W R AR PO i 5 R, tDCS RIS 56 % 5 K PR (A
PO, WU Hgm U OSTRIUARIR ), I PR S P (A AR St O A 22 i
PEIR(CALER 4t Y, A8 N DRI, el Bl B REE 0 T BUR R 2 EE
PR g TR B RIS WURIE J b SR R A AEN S . BT
HZ I Meta 3T T 45 T tDCS X8 1 IR I AR AR 1240 g S BOR,
tDCS Xof A [F] 184 74 B A AR AE BRI e B, P I R AE 0.17~1.90 2
6], {ELARE, tDCS REFT RS IEAR .

tDCS HIERCR AT Re 32 BRIEGR L . AR, RIE . ARAI E . AR
PSS H TN, AN R AR B S HUE AR BRI 22 5. 2 O 90
FI SR A 2 mA, HARE AN 35 em?, AT RN LI 4 2

9
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0.057 mA/em?. #HFER7R, 0.03 mA/om? [ HL A FERI AT 0 M1 )% A U2,
ORI b R IR T RE R R R ROR P, (B8R 2 H tDCS B AT 98 K
FE BEL— 1) P JE 5 P R FRA TR, DA 0 2 J 0 () T A 36 PO 26 FE 5 tDC'S B
YE R 52 o

AN TP 7 295 B PR S8 Pt 8 A AN [ o o1 RN 1 KR BRI 7 » 5~40 min
(26133 s S 54 1 P o L RS K 2 20 miine X600 22 R B 9
B H DL AN 5 YK 20 min JB BRI 1 ORI RN T DCS IIRER
AIRRMEZN . LR R, 3 min BL BRI °] 225 00 M1 B %A tEl2),
TE DR Gt 2 Bt A8 F LR iR A SR St 2% A1 AR 22 TR 75 RS ot 1t
FEAE R A, B RN TR KR P R T 80U 2 Mt v BRIk,
DIER AR, B 7E 8 R 2 ORI, TR B ORI P (A0
R, A P SR FH 22 U0 T 18 T IR I AT 7T, 41 F S 6 28 175 R PSR I
tDCS A 71 2 R S ORI B——iX AT g j& S 30 (DCS SR AR S0 = 15 K T
P 200 SR B AP I R P8 P A SR s 22 1) SR IR 2 — o AT, B PRI 9 4802 3of EL il
KM R R A, B S5 8 i AR R — DR R

AR AT B e T AR F AT, DG A2 5 tDCS 4B ML IR SR DN 2%
P tDCS BRI 7T 2K R B BT M1, 3R [B]E AR ) B X U AR BE 36, 4%
o0k I fi EEL FELAICE C3/C4 AT Fp2/Fp1 R AR o B0 L AR 3 R AR Ao B L 9 7 A/
%7 (dorsal lateral prefrontal cortex, dIPFC)!T, 35 i 114 [2] (dorsal anterior
cingulate cortex, dACC)!3), S1I1351% 3% [m] o A | ] B - 9103 107 1361l | 3o iy
AR AR LAy 37,

FUBR R A R 6 % A AR A i s MR R 3R o S A, BRI RE 8 42
e A PR A T B AR RS 4 X A PR P92 Dy e AR 4 (functional
magnetic resonance imaging, fMRI)AF AL A I, Kb M1 i i FH AR SR 3 e % 4 %
JHAH DRI X (352, HEA B R A BUR AR, SR, X ML tn B R
B BRI A IR R B 4 104 109 381 ip bk, g —SURR 50 R BT dIPFC T il B
AR BT AAE — s R R Rl X IR IDCS AR i 5% 5 i A X
ZIEAEAE—EMIAZ Y, HADCS FREER 28 52 30 2 DR K A 52

10
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2.1.2 SR

WEINA, DCS [EIAE AL R FIE i Ko 4 2] e T i 20 200 M %
PED9- 91921 4DCS A FH 1) FL IR R LR 55, — RO 2= SRS HILAZ I3, iy A 5 g Aol
220 240 M P e SSRGS P AR, T R T e 0 A L ) M P9 9192 I AL AR Ak 2 tDCS
EUP TR 1 2802 P A BRI o BEAROR 2 T Boeh S A MRS 5 AR AL, 32 T B
Vs BARRIE S BO AR A, HEMAES a0 R, i Ay
(RIS AE LLARRE tDCS RIS L1 5 IR 280, Wil st ol s T LA B2 S B 2
RARAFAENN X — J5 B4 B ] B 5 i 40 34 TR VS s PR T T S Ak 1 3 B o A O
BLZ WL RoR, %M NMDA SZEBIEN5 D-3 225 BR(D-Cycloserine) I ZE
tDCS XF M1 XA 242, GABA 227157 i V4 P (lorazepam) | 7] 75 45
IS 1 5 A ZE K tDCS 1 7 B4 R4,

B 1 X RSB R G Z AT 4, (DCS BB A ML RN 2, REAR
R[N (X 22 18] [ 85 g AN Sh g 421106 1441 Lin S50 9t o, A6 35 em? [ FL B3t
fe N dIPFC Jn 20 min #EFERN 1 mA (1 PHAR )BT 22 AR R I K
IR, FE H LU AE S5 A0 dIPFC- 72 (I Fr 5% 12 AR A 25 1) S ek 0 B 25 A
UM, X ERE tDCS HIBERTEF 5 2201 dIPFC RN Fr fii (¥ 45 44 1 B 26
Cummiford £ W 7L R, AT 30s HIXF RN, K20 M1 Jhn 5 k. RRK
20 min (19 BH AR SRIEORT B AR 2 4 JULR o3 A7 001 &0 e i -5 A 0] 40 P 0 7 A0
B3 X M ThREZESE , LA JAS DU A MU B i 55 /I R0 A 00 4 Bz 20 IX i Th RE % 32
L1061, 7 1 A [ S 7 26 i o L R 1 v el B

TR, tDCS BURHLHI B TR T 5. 287 B RS tDCS 2
BT fRIFP P, A /DHER SR A EEG U910 fMRI 106 MR IR 116
146 1471 tDCS SRR (A & A2 BRI AT TR FE . AMX ANk, 5 XU tDCS &
FEVER S, TR T S SR A AR I A X 4, I P RE IS FLE X, T LR [
A A 0 SRt T = A R A B R I, DR FEHE T tDC'S B AL o 5 AR 481,
A% tDCS Al HD-tDCS FI SR AEME LXK tDCS 45, (EEATIE F A o XUH% tDCS
SO 921 R T AR o RSk 2 A X P R SR AR M LT 1 tDCS
AR T BRALE]
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2.2 tACS

tACS 38 3 17 i it 4 s A 3R [ 5 114 1E 5% A8 ¥t F U R ORI M 2 Bk
{5 5 1140 150 b T ] 5 R o P 119200, tACS i A e 45 AT tDCS JEAHH A - tACS
DX 31 JF " 20 P L R 1 O R 2t R A . 5 tDCS AHEL, tACS it
TN A IE 5228 I PRI, T J o 2 [ S 1 L P 5 0 I AL e 7 R 38
(transcranial random noise stimulation, tRNS)AHEL, tACS Jifi il )2 45 2% [ 5 fr )
B, ARSI BT RS, AT tACS FEIR 7 T 7 g b 0. 20152
1531, FCARLE AR B ML A RO 9 R TE RS AP I BL (R 2)
2.2.1 BRME

tACS G fiff S0 % 55 SO I RCRAFAE — € 1. Arendsen SR 5T 1 tACS
T H 9 AT RePEROL, At AT P S AR 2 2098 2, LR AS R0 P T A S SR AT T X
SR EIR, U EIEICE TN 5 IR LR, AHACT tRNS, X R
X (i L FELAR MR E K] CP3 AT CP4 HLAR) B INARIE 9 0.5 mA . 414 10 Hz 1) tACS
AT BEAR XS e Jr R 5 FE A AR I FE 1 4, (480 22 3 LU TR S (AN P LA G i
B o May 55521 SRR ARAAR B SE X RN BT AUH- it 10 min R1EA4 0.5 mA 9 10
Hz B 80 Hz JWUR & nJ 5K H, H AT R IR 7 SIS T 50 2 i it P
PRSI, R, tACS AT SR I A IR AR IH B Z 78 40 E TR, RSk T T e
EZ PRSI

tACS S MEIR I Fi 15320 Il Angelakis S84 7 T —1> tACS 22
MR TR R PESRLTK ) Rns S BN IR I 21, %S0 EoR 15 Hz 1) tACS 7]
DAA 250k D B IO IRVR A, ELIXF 80 B8 S 8 3 s TR 30 Rz S, ik
4b, Ahn ZEJFRE T tACS GRS IE N BRI BEHLOUE X IR Seae I, 45 R EoR, £
Jivi FEL AR ME F3 A F4 FELAIE AN 40 min FR1E Y 1 mA. #iZE4 10 Hz ) tACS A%
R8BSR N RS . Ak, tACS RIE IG5 1 SRR BBE (X ft i
FLAR Y alpha R 15 558, I HIXF alpha k715 5 HIHE 988 5 508 8 2 B
REMIG. Kk, tACS RIREXT AR MEIRAT — e EH, BARNFHEZH R
ST EHEAT R — P IR AIE .
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2.2.2 IR

tACS 1) 5 B FH AL TE T A ME I I )R e 4905 28 I L 75 R Rl 7= A A R A3
RMAEIRG S, BRTE, ARMMEIRG S5 5 /MM iR e
e ) A 4 22 [F) 24k (neural entrainment), TS B KL IR S5 5 K
S ) MRS R AL, A AT ARG 3R AR AN R ) B0, i —
IR 5 SRR AT 5 R 1 1 H AR IR G S 5 (R0 2 [R) I Z2 0 0% SR 22 8K
Ky FRLFRE I RCRAEZEISO, R, tACS AT SO (138 IR 21— 2 [ 1
AR, {540, 10 Hz ¥ tACS RIBATI95 20 Hz Al 30 Hz AR I AR
55 o BTN FL IR A T RO AN IR SRS 5 tACS S 28 S0 I FELAE (0 5 T R I A8
FEIX — LR, FR 2 O AR FE R AR A RN 5 A A 2 T DR 2 ke o T b 4 i e 14y PR
TARAL AT BRI T A G ORI Bl K I A B TE) A X (timing) FUA#E (firing rates),
RZGURAE RN, W EIESE T tACS X#IERGE 5 IS EA A
UAE tACS HUBHIN AAAENT), 7R RS UG TR IR AEAEDN S 198, | tACS X2 4R
i AT A AT AE RIS RN, WAFTE R 4B . A F S R, 20 min [f) alpha 45
BRI BOICR AT R 70 min U990, SR, 148 ) 2500 10 8 R AE SRS 130 88 5 T2
KAFFS:, tACS HIFRELME 5 ST K i #2458 (long-term  potentiation, LTP)Al
K A 041 (long-term depression, LTD)Z #1248 A] B8 14 ) A5 14,1151,

H T 2 [ 5 A ROR AN R PEA 22 R 545 5 A 5%, U 70 b B R
S 5PN A YIM M SR G 5 55 R AA%, A alpha Al gamma 14
P35 5 10T, B 5T IR, PRI BT 1Y alpha R gamma AREL 10 #4645 15
SEATAMAKT R B N6, I HAR NS J5 alpha SRBMEIRG(E S
Z2URES, T gamma B M IRG (S T 2 G 5mI . (A5G 2, gamma SUEL
IR 2R 515 5 A 20 BOHT 5 M (saliency ) RIS, T 2 B It 1/ o 035 R 114
JEEN, AT GBS A A s ] 1 SR IR O 1060, X R tACS B T
PO AN B B . BRI, HETEZ 38R tACS BURALEII B HEIEYE .
Aid, Ahn %5¢T tACS Xt alpha $R3% 15 5 (038 58 1E B 5 UM AE F A 7E B35 48
KGRI, (E—E R ECRFT tACS 15 # 2 PR 5% 155 AT 18 15 P
ERBENY ., RRATY 75 T 2 FE IR R tACS (RIS P AR 1 5 WLk, e
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& gamma FE tACS HIBON PR IIRE I . (EFES RS, gamma SUBGH ik VE
B AN 5 2% RS IR — A4 A Yo BB PR T R T A - May S RIBTE 7T AR
B R gamma SREBRIFOR AR R AE N, (H HGEHCT 80 Hz — MR,
FLE AR (R RO S B R M AT AT 15 1F 7

3 RE5RE

ARV T AR AN SN E B BL(TENS . tVNS) AT X B3I (IDCS . tACS)
WERIER, IFTR T e BIEURILE . ABURBCRKE, TENS U I1IAH
BT AN e, N T 2 Ml R 2 AN AR a7 s tVNS FEA T
WIS, HSeIR s RS, tDCS B A RBEUR IO AL (8 H RTUIHME L,
I 35 SR A O A AR B [X 5 tACS B BORAAEAN B 78 43 31 7 HIE I,
KA T B — P RER

MR HLERE , DT AR A7 (] 2 22 5. %6 TENS #0856 BE A 1Y)
) [ 4 BIHLHAR DG, AL-TENS WU 5 538 P47 35 42 B LA G tVNS Hi] 7%
JAE AR, WS AT RS0, T Red i P AR 24 R B : (DCS X
AR R EN T, PRI AR AR T R, RS T 5 AR I R A G 1
i X (IS5 AR T REE B2 tACS A REE I I 15 PSR AH DA B4R 3 15 5 U MR I
PR o

SR, AP 2 R BBR AR G ST AR AR A AN R AL . IX B R BR PT R
PR TS A — B W PR FH VR A 55 i R e SR . e, 2 MO T R
AERVN, AN ABCEE R 30 ALLUR. PR R A, A
A P9 T PR e 52 7 S5 AR ] ) PR U e 222 S DA Ao 20 Wl R 8 ) L 28R
RIAMAZE S BB AR, FEBLSRAT T, FEASTAT R T 70 P] e 3 35t e 45 SR R e 1
B2, Toik Al SEHAR R AR AR AN VER 22 A ) S BUR RCR « ARRIIE AT 0 2
BT RFEAR L 22 rprl (R USRI 5, DAL S0: 4 22 P SR BB 28R e o AT
ARV HURIEIET, VR X 24 4 SR WA . 3 (responder) L R 8
(non-responder), RZIA R TR T, LRt — 55 SRR A VE PR 22 B
I R L F AN A
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LU, A b 28 B R OB ROR B S AN T8 70 s TR BRI 5
tVNS B FEE T 5y IR T S s, o B A R Y K 0T EAN 2 5 tDCS BT 7T I 1Y
SHEOH—, RS EOT R BCR KA HL U tACS BURAT FT M AR E R
AP B ARRA W B AT 5 SRS BN SR BCR R, W e sl
XA R SRR BRSO B 22 57

PR, e BB L A — P FE . tVNS. tDCS A1 tACS HIELH
WA 58 2T T, X BRG] P AR 55 DU JH Al B 450 A T P B 24 B
BEAT LG, ShZ SR . [ T30 Seie itk R IR E I, AT
H IR 2 TR ISR R T AR 1 AR Ak, DR R TCR R 22 RO [R5 o Rk m]
LI I E 0 AR I 7E BB OO A 28 o 80 F A 22 3 JRORE TS L e 2 MO ik i 5 - AT
WKARA 2 R GRS AR, RIS S I 0t 2 S 4L AN 2 B ) AL 3R AT B R N R B4 T D S
BRI A DB R R AL, AT #7821 2 T BB Oy 4 T [V B A 6

fJa, HEDS A FSARH G BRBCR R A AL, tBEDZ5 R84 B il SR
BURAIIAZ EAR M o O AR T EE AR 562 — THAR I AR RCR A B LA,
B R 2 AL 1 AN R 2 B 2 5 B0 1) ) REAE o 25 8 B AN [R) A1 F AT
X A RIS AL (1 22 57, B A A FRISOR AT R SR BEUR AR . 55— 51, i
PRI BN 1R AR S8 30 2 MR BRI 24520 o i PR R BOR RS 245 470 () B L 2
FAAE—E IIIEF A, BRI EAT 2 (8 ] BEAFAE S EAR T o FE7n i e B oM R 24
YRy S 2 AR ELAE I PR e e 7 2R e A R R A s P 4

ZREPTIR, e AR L R RO AT F B AR N A e 2 R R 0 ) e
TR RBARAIIGAR N, e 28 G i JE 3 IR0, IR i x JE . K AN
Aox i FEANZ B A 4H
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Table 1. Clinical application of non-invasive electrical peripheral neuromodulation techniques in pain management

Non-invasive electrical Clinical condition
neuromodulation

techniques

Electrode placement

Oft-used stimulation

parameters

Analgesic effects

Neural mechanisms

TENS
Conventional TENS CLBP™7], cancer
pain®], expulsive
pain8], primary
dysmenorrheal?® 301,
postoperative pain(3!]
etc. More suitable for
patients struggled with
opioid-resistance
AL-TENS CLBPB],
fibromyalgial3"],
postoperative painl3!]
etc. More suitable for

patients with chronic

pain

One active and one return
electrode (60 mm x 40
mm/45 mm/90 mm); around

the area of painl>* 3%

One active and one return
electrode (60 mm x 40
mm/45 mm/90 mm); at arms

or legsl3!36.37)

(1) Waveform: square waves; (2)
current frequency: 50-100 Hz; (3)
current pulse width: 100-300 us; (4)
current

intensity:  strong  but

comfortable or muscles’ motor
threshold; (5) duration: 30—-60 min; (6)
stimulation frequency: 2—4 times per
day[26-31]

(1) Waveform: square waves; (2)
current frequency: 1-4 Hz; (3) current
pulse width: 200400 ps; (4) current
intensity: tolerable but painful; (5)
duration: 30-60 min; (6) stimulation

frequency: 2—4 times per day[3!-35-38]

(1) Size: medium; (2)
duration: immediate and
short-lived; (3) locality:

locall22-26-31,47]

(1) Size: large; (2)
duration: immediate and
lasting; (3) locality:

diffuse3!:35-381

Gate control theory[?%47]

(1) DNIC; (2) Activating the
descending pain inhibition

system[35> 30, 53-5]
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tVNS
tcVNS Migrainel®® ¢, cluster Two electrodes; at the
headachel>® 61 sternocleidomastoid muscle
along the cervical branch of
the vagus nervel>8 601
taVNS Migrainel>” One active electrode and one

return electrode; at the
auricular cymba and

conchae, or tragusl>® 70711

(1) Waveform: 5 kHz sine waves; (2)
current frequency: each lasting 200
us, repeated once every 40 ms (25
Hz); (3) current intensity: highest
voltage (24 V), highest intensity (60
mA); (4) duration: 20-30 min; (5)
stimulation frequency: 2—3 times per

day!58 60, 64-69)

(1) Waveform: square waves; (2)
current frequency: 1 Hz, 8 Hz, or 25
Hz; (3) current pulse width: 200-300

us; (4) current intensity: strong but
comfortable or muscles’ motor
threshold; (5) stimulation frequency:

4 h per day!3 70711

(1) Size: small; (2)
duration: immediate and

short-lived[>8 60, 64-69]

(1) Size: small; (2)
duration: immediate and

short-lived™ 70: 711

(1) Indirectly modulating pain
perception by regulating pain
unpleasant!’#7%]; (2) Decreasing
the activity of second-order
nociceptive neurons in the
spinothalamic and spinoreticular
tracts of the spinal cord(®! 77 781
(3) Activating the descending
pain inhibition system[6!- 79-88]

(1) Indirectly modulating pain
perception by regulating pain
unpleasant!’+7%; (2) Decreasing
the activity of second-order
nociceptive neurons in the
spinothalamic and spinoreticular
tracts of the spinal cord!®"-77-78];
(3) Activating the descending

pain inhibition system[¢!.7°-88]

TENS, transcutaneous electrical nerve stimulation; CLBP, chronic low back pain; AL-TENS, acupuncture-like transcutaneous electrical nerve stimulation; DNIC, diffuse noxious

inhibitory controls; tVNS, transcutaneous vagal/vagus nerve stimulation; tcVNS, transcutaneous cervical vagus/vagal nerve stimulation; taVNS, transcutaneous auricular vagus/vagal

nerve stimulation.
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Table 2. Clinical application of non-invasive electrical central neuromodulation techniques in pain management

Non-invasive Clinical condition
electrical
neuromodulation

techniques

Electrode placement

Oft-used stimulation

parameters

Analgesic effects

Neural mechanisms

tDCS

(1) Bipolar/bicephalic tDCS Fibromyalgia, CLBP,

(2) Monopolar/monocephalic neuropathic pain,
tDCS knee joint pain,
phantom limb pain,

migraine ezc.[110-124]

HD-tDCS Fibromyalgia®3, pain
induced by
temporomandibular

disorders!®!

One active electrode and one return
electrode (35 cm?); active electrode:
at the corresponding scalp area of
M1, S1, dIPFC or dACC, return
electrode: at other scalp area or skin
of neck, shoulder, arm, or kneel!%-
103, 107, 110-125,135-137]

One active electrode and four return
electrodes (4x1 HD-tDCS), or two
active electrodes and two return
electrodes(2x2 HD-tDCS); active
electrodes: at the corresponding
scalp area of M1°% %I, return

electrodes: at other scalp areas

(1) Waveform: direct current;
(2) current intensity: 2 mA;
(3) duration: multiple

stimulations in units of 20
minl100. 103, 107, 110-125, 135-137]

(1) Waveform: direct current;
(2) current intensity: 2 mA;
(3) duration: multiple
stimulations in units of 20

minl93- 951

(1) Size: medium; (2)
duration: immediate

analgesia and lasting; (3)

locality: diffuset!00: 103,107,

110-125, 135-137]

(1) Size: large; (2)
duration: immediate and
lasting; (3) locality:

diffusel®3 %]

(1) Altering the neuron
excitability in pain-related cortex
areas®% %1, 92, 1401; (2) Modulating
functional connectivity between

brain areasl®!: 92: 106, 144]

(1) Altering the neuron
excitability in pain-related cortex
areas®% %1, 92, 1401; (2) Modulating
functional connectivity between

brain areas[91, 92,106, 144]
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tACS CLBP!, pain induced Two electrodes; at bilateral S1 or (1) Waveform: sine waves; Unsurel!% 20, 152, 153] Modulating pain-related neural
by intractable idiopathic M09 152] (2) current frequency: 10 Hz oscillations!!4% 130, 134-167]
cervical dystonial!*?] or 15 Hz; (3) current intensity:

0.5 mA or 1 mAll9 157.158]

tDCS, transcranial direct current stimulation; M1, primary motor cortex; S1, primary somatosensory cortex; dIPFC, dorsal lateral prefrontal cortex; dACC, dorsal anterior

cingulate cortex; HD-tDCS, high-definition transcranial direct current stimulation; tACS, transcranial alternating current stimulation; CLBP, chronic low back pain.
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